Purpose. To review outcome of early reimplantation for open total talar extrusion in 7 patients. Methods. Medical records of 5 men and 2 women aged 19 to 53 years who underwent reimplantation for open total talar extrusion within 6 hours after road traffic accident (n= 6) or industrial injury (n=1) were reviewed. The talus was first irrigated with 9 to 10 litres of saline solution, followed by 10% povidone iodine. It was then reduced after thorough debridement and fixed with tension band wiring or external fixation. Ankle mobilisation exercises were started at week 6 and full weight bearing at week 14. Outcome was assessed using the American Foot And Ankle Society score. Results. After a mean follow-up of 31.9 (range, 24-46) months, the mean American Foot and Ankle Society score was 81, and the mean dorsiflexion-plantar flexion arc was 36.9º (range, 25º-45º). All patients were able to walk with a balanced, unaided gait with mild-to-moderate pain (n=3) or pain-free (n=4).
No patient developed deep infection or instability. Three patients developed avascular necrosis of the talus; restriction of motion was moderate at the ankle joint and severe at the subtalar joint. None of these 3 patients opted for revision surgery, as the pain was tolerable and did not limit their daily activities, but their condition was expected to deteriorate with time.
Conclusion. Early reimplantation is recommended
for open total talar extrusion, as it restores (to some extent) hind foot mechanics, heel height, and bone stock for activities of daily living and future reconstructive options.
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There are few studies on open total talar extrusion ( Table 1) . It is a rare injury in which the talus lies completely outside the ankle mortis, devoid of all softtissue attachments. It is associated with severe softtissue damage, contamination, and disruption of the talar blood supply. Its treatment remains controversial, as there are no definitive guidelines. 4, 8, 15 Treatment can be either reimplantation of the extruded talus (and taking the risk of infection, osteomyelitis, and avascular necrosis) or tibiocalcaneal arthrodesis with the talus discarded (leading to distorted anatomy, decreased heel height, and inadequate bone stock for future reconstructive procedures. [4] [5] [6] [7] [8] [9] [10] 16, 18 This study reviewed the outcome of early reimplantation for open total talar extrusion in 7 patients. The wound was grossly contaminated in 4 patients and not visibly contaminated in 3 patients. The talus lied outside the wound with little (n=3) or no (n=4) soft-tissue attachments. The sensory motor of the foot was nonetheless within normal limits. Doppler examination of the pulses did not show any vascular deficits.
MATERIALS AND METHODS

Medical
The mean time from injury to surgery was 4 (range, 2-6) hours. The talus was first irrigated with 9 to 10 litres of saline solution, followed by 10% povidone iodine. It was then reduced after thorough debridement. In 2 patients with an associated medial malleolus fracture, the talus was approached through the window of the fracture and fixed with tension band wiring; any fibular fracture was fixed with plating. In the remaining 5 patients, the talus was reduced by traction using a temporary transverse Steinman pin through the calcaneum and fixed with an external fixator; the talonavicular joint was fixed with a Kirschner wire (Fig.) .
Antibiotics were administered according to culture sensitivity. Dressings and debridement were performed daily. The wound was closed in a sequential manner using shoelace sutures after a mean of 23 (range, 17-28) days in 6 patients. In one patient with extensive skin loss on the medial side of the ankle, skin grafting was performed with healthy granulation tissue after 18 days.
In the 2 patients fixed with tension band wiring, a posterior slab was applied for 6 weeks. In the 5 patients fixed with external fixation, the fixator was removed at week 4, and a non-weight bearing, shortleg cast was applied for 2 weeks. At week 6, the cast and the talonavicular Kirschner wire were removed.
Supervised active ankle movements were started at week 6. Partial weight bearing ambulation with crutches was allowed at a mean of week 10; full weight bearing was allowed at week 14. The range of motion gradually increased until 6 months, after which improvement was insignificant. Patients were followed up monthly for 4 months, and then 3-monthly for one year, and then twice a year. results After a mean follow-up of 31.9 (range, 24-46) months, the mean American Foot and Ankle Society score was 81, and the mean dorsiflexion-plantar flexion arc was 36.9º (range, 25º-45º) [ Table 2 ]. All patients were able to walk with a balanced, unaided gait, with mild-to-moderate pain (n=3) or pain-free (n=4). No patient developed deep infection or instability. Three patients developed avascular necrosis (AVN) of the talus; restriction of motion was moderate at the ankle joint and severe at the subtalar joint. None of these 3 patients opted for revision surgery of tibiocalcaneal arthrodesis and removal of the osteonecrotic talus, as the pain was tolerable and did not limit their daily activities, but their condition was expected to deteriorate with time.
discussion
Reimplantation of the talus can retain heel height and bone stock, despite having the risks of deep infection and AVN. 1, 3, 4, [7] [8] [9] 16, 21, 23, 25, 27 Nonetheless, in patients with reimplantation of the talus for open total talar extrusion, the risk of developing infection and AVN of talus is high, and thus talectomy should be considered in the initial care. 1, 4, 8, 9, 21 However, no infection was noted following irrigation and debridement, reduction of the talus, and cast immobilisation in one such patient. 10 The low infection rate may be due to the use of staged procedures, multiple debridements, and rigid fixation. 15 Salvage of the talus can preserve the ankle architecture and is safe with minimal infection risk. 15 Reimplantation or salvage of the talus is not necessarily associated with AVN or poor outcomes. 6, 7, 9, 19, 20, 22, 23, 28 One patient achieved normal osseous architecture and no joint-space narrowing and a full range of painless ankle and subtalar motion, except for a small loss of supination after 4 years. 10 One patient had no evidence of osteonecrosis or talar body collapse after 5 years, despite having no soft-tissue connections. 13 Development of AVN does not preclude attaining reasonable range of motion and an acceptable lifestyle. 15, 23, 24, 27 In a patient with AVN of the talar dome, no substantial collapse was noted at 45 months; the patient used to snow ski and walk for 2 km for cardiovascular fitness, despite the pain. 27 In the absence of deep infection, AVN does not necessarily lead to a poor clinical outcome. 27 In a patient with AVN, the ankle was 25º of plantar flexion and 10º of dorsiflexion at 5 years, and the patient could walk for 2 hours without aids, despite having a mild limp and moderate hindfoot pain. 24 One patient with AVN was asymptomatic at 42 months, despite having mild restriction of ankle movement. 23 This could be due to severance of all neurological connections and the talus becoming insensate.
Cleaning methods before reimplantation include thorough irrigation of the talus with normal saline with/without pulsatile lavage, followed by debridement of the wound, 13, [21] [22] [23] and washing with saline solution and soaking it in antibiotic solution. 15, 22, 24 The talus should be washed in an iodine solution for 5 hours and frozen for 8 days at -80ºC before reimplantation. 27 The talus can be irradiated and deep-frozen in the bone bank until wound becomes healthy for reimplantation. 26, 28 For contaminated bones, autoclaving and mechanical agitation in normal saline solution, 2% chlorhexidine gluconate, or 10% povidone-iodine (which was either left wet or dried) enable a balance between complete sterilisation of contaminated bone and maintenance of tissue viability. 30 Limitations of our study included small sample size, short follow-up, and lack of comparison. conclusion Early reimplantation is recommended for open total talar extrusion, as it restores (to some extent) hind foot mechanics, heel height, and bone stock for activities of daily living and future reconstructive options. Nonetheless, comparative studies with a larger sample size are needed to support this observation.
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